We report here the multiwavelength observations of the bright supersoft X-ray source, RBS 1032. Most likely, its optical counterpart is a non-emission-line dwarf galaxy with a prominent nucleus. Line and band indices of this nucleus, clearly suggest that its optical spectrum is dominated by the nuclear supermassive globular clusters. No radio and infrared (IRAS) emissions are detected from this dwarf galaxy. Weak near-infrared (2MASS) emissions have been detected. The optical-to-near-infrared colours are consistent with the globular clusters than those of active galactic nuclei. We have shown here that RBS 1032 is not a foreground object. However, with the available data the possibility of RBS 1032 being a classical nova cannot be completely ruled out. We have demonstrated that RBS 1032 is not a X-ray-bright optically normal galaxy. In contrast, we have illustrated that the super-soft X-ray emissions of RBS 1032 may be from a binary system, consisting of an intermediate-mass (∼5 × 10 4 M ) black hole with a white dwarf companion. Most likely this system is hosted by one of the nuclear globular clusters of the dwarf galaxy.
I N T RO D U C T I O N
The detection of intermediate-mass black holes (IMBHs) in the 10 2 -10 4 M range is extremely important both from the viewpoint of black hole formation and for our understanding of galaxy evolution. IMBHs could fill in the black hole mass function between stellar mass black holes ( 20 M ) and the supermassive (10 6 -10 9 M ) black holes in active galactic nuclei (AGNs). Similarly, they could also fill the gap in the X-ray luminosities between X-ray binaries ( 10 38 erg s −1 ) and AGNs ( 10 42 erg s −1 ). Thus, accreting IMBHs are perhaps the most intriguing scenario because they describe a possible link between stellar collapse and the formation of AGNs and galactic bulge formation. Now the question arises: which are the ideal hosts of IMBHs. It has been suggested that the centres of super-massive star clusters may produce IMBHs (Portegies Zwart & McMillan 2000 Miller & Hamilton 2002; Gurkan, Freitage & Rasio 2004) . Observationally, the presence of IMBHs in some star clusters has been suggested (Gebhardt et al. 2000; Gebhardt, Rich & Ho 2002; Gerssen et al. E-mail: kajal.ghosh@msfc.nasa.gov Gebhardt, Rich & Ho 2005) . Supermassive star clusters are dominantly present in the nuclear region of dwarf galaxies. In general, there are three types of dwarf galaxies: spheroidals, ellipticals and irregulars and of these dwarf ellipticals form the most common type of galaxies in the local Universe (Ferguson & Binggeli 1994; Kormendy & Bender 1994) . In this paper, following the nomenclature of Kormendy & Bender (1994) , we will call the dwarf ellipsoidal galaxies as spheroidals. Most bright spheroidals display a clear enhancement of the surface brightness in the nuclear region. These nuclei are not resolvable beyond the distance of the Local Group. However, the resolved nuclei of local spheroidals (say NGC 205 or M 33) clearly demonstrate that they are dynamically separate supermassive star clusters (Monaco et al. 2004 , and references therein). Thus, spheroidals with bright ultrasoft X-rays from their nuclei are the potential hosts of IMBHs.
RBS 1032 is a bright (∼0.41 ± 0.04 count s −1 ) ultrasoft X-ray source (1RXS J114727.1+494302), which was detected in the ROSAT All Sky Survey (RASS, Fischer et al. 1998; Schwope et al. 2000) . The optical counterpart of this X-ray source was originally suggested to be a star (RA 11 h 47 m 27.1 s , Dec. +49 d 43 m 02 s ; Zickgraf et al. 2003) . Here, we present multiwavelength observations to determine the nature of the optical counterpart and the origin of X-ray emission from RBS 1032. Observations, data analysis and the results are presented in Section 2. Discussion and conclusions are given in Sections 3 and 4, respectively.
O B S E RVAT I O N S , DATA A NA LY S I S A N D R E S U LT S

X-ray observations
RBS 1032 was originally detected in the RASS at a count rate of 0.41 ± 0.04 (Fischer et al. 1998; Schwope et al. 2000) and subsequently, two ROSAT/PSPCB pointed observations of this source were carried out on 1992 December 7 and 1994 June 05. The LEXTRCT software package was used to analyse these observations (Tennant 2006) . The source flux was found to be roughly constant within observations, but to vary by a factor of two between two observations (see Table 1 ) and a factor of 5.5 between November 05, 1990 (RASS) and June 05, 1994. For analysis, the PSPCB spectra of RBS 1032 were binned to give at least 20 counts per bin. The XSPEC absorption-corrected (zphabs), zpowerlw, zbbody, mekal and diskbb models were used to fit these two spectra. Fit statistics are almost similar for all the models. In Table 1 , we list the spectral parameters of the zpowerlw and the diskbb models. The normalization parameters of these models are not tightly constrained, so we have used the PIMMS with a blackbody model of temperature 55 eV and the Galactic hydrogen column density (N H ∼ 1.98 × 10 20 cm −2 ), to compute the conservative unabsorbed luminosities of RBS 1032. These are listed in Table 1 . The X-ray spectrum, disc blackbody model and residuals are shown in Fig. 1 . The 1-2.4 keV unabsorbed flux varied between 1.1 × 10 −12 and 6.0 × 10 −12 erg cm −2 s −1 giving a peak luminosity of ∼10 43 erg s −1 during the RASS observation. The inferred mass of the accretor, derived from the disc blackbody model, is around 5 × 10 4 M . Its extremely soft disc blackbody temperature also suggests that the observed X-rays are from an IMBH system. From the present data, we are unable to distinguish between the 'extremely steep power law' (very high state) and 'pure thermal' (high/soft state) models (McClintock & Remillard 2006) . However, it may be suggested that the X-ray emitting source in RBS 1032 was in the soft thermal-dominant state during the ROSAT observations, which indicates that the accreting system of RBS 1032 was in a radiatively efficient accretion state (Jester 2005) . During this state the radio emission will be quenched, which is analogous to the jetless black hole X-ray binaries in the thermal-dominant state (Gallo, Fender & Pooley 2003) . Non-detection of radio emissions from RBS 1032 and its observed X-ray properties also support this scenario. 
Optical Observations
cooled (−60
• C) ANDOR CCD (∼0.48 arcsec per binned pixel) was used as the detector. In total five exposures, 300 s each, were obtained between 22:15 and 22:43 UT (seeing ∼1.8 arcsec). Standard CCD photometric reduction procedures were carried out using the PC-based MAXIM software. The median average of five exposures and two nearby USNO stars were used for photometry. Positionally, RBS 1032 coincides with a dwarf galaxy of 17.06 ± 0.1 mag in the V band. A radial profile of this dwarf galaxy is compared with that of two nearby USNO stars and is shown in Fig. 2 . It is evident from this figure that this galaxy is an extended object. In addition, the excess nuclear emission of this dwarf galaxy, compared to the stellar radial profiles, suggests the presence of a bright nucleus.
Spectroscopic observations of this dwarf galaxy were carried out on 2004 April 26, at the prime focus of the 6-m telescope of the Special Astrophysical Observatory with a long-slit spectrograph (Afanas'ev et al. 1995 ) and a liquid-nitrogen-cooled CCD system. We used a 1302 lines mm −1 grating which gives a λ = 2.6 Å resolution in the 3860-5100 Å region. Two spectra with 600 and 1200 s exposures were obtained with a signal-to-noise ratio of 10-11. Ar-Ne-He lamp spectra were used for the wavelength calibration and the spectrum of the spectrophotometric standard star, BD+28 2106 (Bohlin 1996) , was used for flux calibration. The MIDAS software package was used for the data reductions (Ballester 1992) . The Balmer, He I and Ca II lines were used to determine the redshift of this dwarf galaxy, which was measured to be 0.0260 ± 0.0001.
The Sloan Digital Sky Survey (SDSS) is an excellent tool for spectroscopic studies of objects brighter than 17.8 mag with a spectral resolution, λ/ λ = 1800, using a pair of spectrographs fed by a total of 640 fibres (Lupton, Gunn & Szalay 1999; Smith et al. 2002; Stoughton et al. 2002; Abazajian et al. 2003; Pier et al. 2003) . Both the photometric (SDSS J114726.69+494257.8) and spectroscopic (SpecObjId=272412374814687232) observations of RBS 1032 were carried out by the SDSS on 2002 December 28. The SDSS composite image and the nuclear spectrum of the dwarf galaxy are shown in Figs 3 and 4, respectively. The photometric magnitudes of this object and its neighbours (within 30 arcsec) in u, g, r, i and z bands are presented in Table 2 . Standard U, B, V, R and I magnitudes of the dwarf galaxy are 18.19, 17.86, 17.09, 16.52 and 15 .98 mag, respectively. The measured B-band absolute magnitude of the dwarf galaxy is M B = −17.39 mag, which is consistent with those of bright spheroidal galaxies detected in Virgo cluster (Gorgas et al. 1997) . Most bright spheroidals (M B < −16) clearly show the presence of enhanced central nuclei, which are due to the presence of supermassive star clusters (Sandage, Binggeli & Tammann 1985; van den Bergh 2000) . Such a bright nucleus is also present in this dwarf galaxy as is evident from Figs 2 presence of excess emission below 1 arcsec. This model is equivalent to a standard beta model, ∝ [1 + (r/r c ) 2 ] −3β+1/2 . From the fit parameters, the derived values of the core radius and β are 2.7 kpc and 0.87, respectively. These results, also suggest the presence of a cusp at the centre of the dwarf galaxy.
We determined the line parameters of different absorption features present in the nuclear spectrum of RBS 1032, using the IRAF software package. Our measured values are similar to those listed in the SDSS DR4 data release (http://cas.sdss.org/dr4/en/ tools/explore/obj.asp?id=588295841785446534). We adopted the equivalent widths and the Lick system line and band indices from the SDSS DR4 (SpecLineIndex) and these are listed in Table 3 . These line (Fe, Mg 1 , Mg 2 and Mg b) and band (CN, G4300 and TiO) indices of the dwarf galaxy are consistent with those of the globular clusters of our Galaxy and M 31 (Burstein et al. 1984 ), see Fig. 5 . These globular clusters dominantly contribute to the nuclear spectrum of the dwarf galaxy and their presence makes its nucleus bright; this will be discussed in more detail in Section 3.3.
Infrared and radio observations
An infrared counterpart of the dwarf galaxy was not present in the searched IRAS images. However, weak counterparts were detected Figure 5. Line strength diagram of a dwarf spheroidal galaxy. Also, shown are the positions for globular clusters, compact elliptical galaxies, spheroidal galaxies and elliptical galaxies, taken from Gorgas et al. (1997) . The arrow shows the direction for the old populations and the high-metalicity objects.
in 2MASS data (J, H and K s bands). Photometry of these images was performed using the LEXTRCT software package (Tennant 2006 ). Derived J-, H-and K s -band magnitudes of the counterpart are (15.2 ± 0.5), (14.8 ± 1.0) and (14.8 ± 1.0) mag, respectively. These results suggest that this dwarf galaxy is a weak infrared emitter (V − K ∼ 2.0 ± 1.0) compared to AGNs (Cutri et al. 2002) . However, the optical and infrared colours of the dwarf galaxy are consistent with those of nuclear globular cluster systems of spheroidal galaxies (Mobasher & Trentham 1998; Lotz, Miller & Ferguson 2004) . NRAO/VLA FIRST and NRAO/VLA Sky Survey data archives were searched, but we did not find any radio source within a circle of 30 arcsec radius, centred on RBS 1032. s and a redshift of 0.0260 ± 0.0001, which has been confirmed with the SDSS results presented in Section 2.1. We have also found that there is no object brighter than 17.1 mag, within a circle of 2.6 arcmin radius at the position of RBS 1032.
D I S C U S S I O N
Possible optical counterparts of RBS 1032
The on-axis angular resolution of the ROSAT/PSPC is ∼30.0 arcsec. In Table 2 , we list all the SDSS-detected objects within a circle of 30.0 arcsec radius at the position of RBS 1032. It can be seen from this table that this circle contains six galaxies, one stellar-like object and the bright dwarf galaxy. The X-ray-to-optical flux ratios (F X /F O ) of these six galaxies are in the range of 80-3000. This result suggests that these six galaxies cannot be the optical counterpart of RBS 1032 (Maccacaro et al. 1988) . Only, if the brightest of these six galaxies hosts a BL Lac object, then that could be the possible counterpart of RBS 1032. However, the BL Lac objects are almost always unresolved. In addition, the absence of radio emission from RBS 1032 with its extremely soft thermal X-ray spectra, does not support the BL Lac hypothesis. It may be possible that the stellar-like object may be the foreground optical counterpart of RBS 1032. We analysed the five-band SDSS-images of this object. It was detected only in the z-band with 20.98 ± 0.15 mag. This value is consistent with the SDSS measurement (Table 3) . Non-detection in other bands indicates that it is a red object and could be a late-type star. However, its F X /F O value is >3000, which suggests that it is neither a X-ray emitting star (Maccacaro et al. 1988) , nor a cataclysmic variable (Bradt & McClintock 1983; Ritter & Kolb 1998) , nor a supersoft source (Kahabka & van den Heuvel 1997; Ritter & Kolb 1998) . Similarly, the colour index between the X-ray and the optical fluxes of RBS 1032 and this stellar-like object (B fainter than 25.06 mag), respectively, is at least 25.3, which is beyond the range for X-ray binaries (van Paradijs & McClintock 1995) . The observed strong variability of RBS 1032 suggests that it cannot be an isolated neutron star, also.
It is important to mention here that the optical observation (SDSS) was carried out on 2002 December and the last ROSAT observation was obtained on 1994 June. Thus, it may be possible that RBS 1032 was a classical nova, which would have been optically much fainter during the SDSS observations. We have searched all known optical data bases and also enquired to many astronomers and amateur astronomer's organizations, regarding the availability of optical data on RBS 1032, observed between 1990 and 1994. Unfortunately, the only additional data that we have found were taken with the former Hamburg Schmidt Telescope between 1980 and 1984. Thus, presently, we are unable to confirm or reject the classical nova origin of RBS 1032. However, it may be mentioned that the supersoft phase of classical novae may last, at the most, for two and a half years (Orio 2004 , and references therein). RBS 1032 was detected as an ultrasoft X-ray source during the RASS observations in 1992 December 7 (Fischer et al. 1998; Schwope et al. 2000) and it remained as an ultrasoft X-ray source at least until 1994 June 5 (Table 1 ). This duration is longer than the longest supersoft phase of classical novae (Orio 2004 , and references therein). In addition, classical novae have displayed intense variability on short time-scales (Orio et al. 2002; Krautter et al. 2004 ). Fig. 6 displays the ROSAT light curve of RBS 1032. We performed a χ 2 test against a constant flux hypothesis of this light curve and the results show that the light curve did not vary during the interval of RASS observations. Similarly, the ROSAT light curves of two pointed observations (see Table 1 ) did not vary on the time-scales of hours to days. Thus, most likely, RBS 1032 may not be a classical nova. This can be confirmed from future simultaneous optical and X-ray observations of RBS 1032.
Is RBS 1032 an X-ray bright optically normal dwarf galaxy?
RBS 1032 coincides spatially with a dwarf galaxy, which has a bright nucleus. However, the absence of emission lines in the optical spectrum of this nucleus suggests that it is not an active nucleus. Recently, a few X-ray bright but optically normal galaxies have been discovered (XBONGs, Elvis et al. 1981; Griffiths et al. 1995; Comastri et al. 2002; Maiolino et al. 2003; Page et al. 2003; Severgnini et al. 2003) . Thus, RBS 1032 being an X-ray bright normal dwarf galaxy could be similar to the XBONGs. It has been suggested that XBONGs are either (1) heavily obscured luminous AGNs (Marconi et al. 2000) or (2) BL Lac-like objects (Comastri et al. 2002) or (3) starlight-dominated galaxies (Moran, Filippenko & Chormock 2002) or (4) AGNs with radiatively inefficient accretion discs (Yuan & Narayan 2005) . In contrast to these suggestions, we find from the multiwavelength results of RBS 1032 that (1) N H is almost consistent with the Galactic value, (2) there is a lack of detectable radio and infrared (IRAS) emissions, (3) the optical continuum emission of RBS 1032 is weaker than those in the luminous AGNs at similar redshifts and (4) the X-ray power-law index is extremely steep. All these results argue that RBS 1032 is not an XBONG.
Finally, we conclude that the optical counterpart of RBS 1032 is a dwarf galaxy at a redshift of 0.0261 ± 0.0001, whose X-ray emissions are not due to the nuclear activity of this dwarf galaxy.
Optical counterpart of the IMBH system of RBS 1032
In Section 2.1, we have shown that the bright nucleus of this nucleated dwarf spheroidal galaxy is due to the presence of globular clusters in its central region. From our visual inspection, we find that the size of this bright nucleus will be around 1.5 arcsec (700-800 pc). From 1.5-arcsec aperture photometry, we estimate that the apparent and absolute magnitudes in the V band of the unresolved nucleus are 19.03 and −16.27 mag, respectively. The maximum number of globular clusters detected in the nuclear region of nucleated spheroidal galaxies is around 50 (Lotz et al. 2004 ). Thus, assuming that there are 50 globular clusters in the nuclear region of RBS 1032, we could determine the lower limit of cluster brightness, which will be ∼M V = −12.02 ± 0.1 mag (m V = 23.2 mag). Similarly, by assuming that there may be only a few clusters (Lotz et al. 2004) , then the brightest clusters in the nuclear region will have ∼M V = −14.5 ± 0.2 mag (m V = 20.8 mag). Thus, we expect a distribution of star clusters with the values of M V between −12.02 ± 0.1 and −14.5 ± 0.2 mag or the values of M V will be between 23.2 and 20.8 mag.
Our measured (V − I) colour for RBS 1032 is 1.11, but if we use equation (2) of Lotz et al. (2004) , then this colour for the globular clusters in RBS 1032 will be, V − I GC = 0.92 and their average metalicity [Fe/H] ∼ −1.49, using equation (3) of Lotz et al. (2004) is similar to the measured metalicity range for the globular clusters in Local Group spheroidals (−2.5 < [Fe/H] < −1.0; Lotz et al. 2004 , and references therein). When these results are compared, we also find that the globular clusters in RBS 1032 are as metal-poor as the globular clusters in the Milky Way ([Fe/H] < −1.0, Burstein et al. 1984) . In fact, the line and band indices of RBS 1032 (Fig. 5 ) clearly suggest that its nuclear globular clusters are different in age and metalicity compared to those of the spheroidals and elliptical galaxies (Gorgas et al. 1997) . Thus, the bright nucleus of RBS 1032 is a collection of bright young, metal-poor and massive globular clusters, which have also been detected in other bright spheroidals (Sandage et al. 1985; van den Bergh 2000) . These supermassive clusters are the potential objects to host IMBH systems (Portegies Zwart & McMillan 2000 Miller & Hamilton 2002; Gurkan, Freitage & Rasio 2004; Maccarone 2004; Maccarone, Fender & Tzioumis 2005) .
We used equation (3) of Maccarone (2004) , to compute the brightness of the optical counterpart of the IMBH system of RBS 1032. Values of L X , M BH and d (distance of RBS 1032) were assumed to be 3 × 10 42 erg s −1 (Table 1) , 10 4 M (M BH could be between a few hundreds to a few thousands solar mass) and 114 Mpc, respectively. The computed value of the V-band brightness of the optical counterpart of the IMBH system of RBS 1032 is 22.9 mag. Thus, one of the bright nuclear star clusters (m V ∼ 20.8 mag) of the dwarf galaxy, will easily host the IMBH system. In addition, our measured values of the optical colours of the nucleus (V − K = 2.0 ± 1.0) are consistent with the suggested optical colours of the IMBH system (V − K = 1.2; Maccarone 2004).
Origin of X-ray emissions
Both thermal and non-thermal models can describe the ROSAT/PSPCB spectra of RBS 1032. The power-law model shows very steep photon indices ( > 5). The normalization of the disc blackbody model, which is not tightly constrained, indicates that the mass of the accretor can be in the range of a few hundreds to several tens of thousands of solar mass. It has been suggested that Population III stars could lead to the formation of IMBHs (mass ∼50-300 M ) and they will be present at the nuclear region of a galaxy (Madau & Rees 2001) . If such a single IMBH accreted from the surrounding interstellar medium at the Bondi rate, then it will display extremely flat power law with a steady luminosity of the order of 10 31 -10 33 erg s −1 . On the other hand, if such an IMBH forms a low-mass binary system, then its maximum peak X-ray luminosity could reach up to ∼2 × 10 41 erg s −1 , which will be at least a factor of 50 fainter than the observed peak luminosity of RBS 1032.
An IMBH (∼5 × 10 4 M ) formed in a star cluster will most likely encounter a white dwarf of the same cluster and can form a binary through gravitational bremsstrahlung or tidal capture Mapelli et al. 2005) . Such a system through Roche lobe overflow will produce a thermal-dominant soft X-ray spectrum, similar to the observed spectra of RBS 1032, which was in veryhigh or high state (Miller, Fabian & Miller 2004) . Temperature of the accretion disc of this IMBH-binary system will be low. This is due to the fact that the temperature of the inner edge of the disc scales with the mass of the accretor. Thus, low-temperature disc with high X-ray luminosity means that its optical-to-X-ray flux ratio will be low (see fig. 5 of Winter, Mushotzky & Reynolds 2005) . This explains the bright X-ray luminosity and very weak optical emission seen from RBS 1032, which has been discussed in the previous section. At the low-mass transfer rate, the IMBH system will be in low/hard (flat power law) state or it may display transient character . During the low/hard state of RBS 1032, weak radio emission (∼70 μJy) could be detected (Merloni, Heinz & di Matteo 2003; Maccarone 2004; Maccarone, Fender & Tzioumis 2005) . Future radio and X-ray observations of RBS 1032 will be useful to determine the nature of this IMBH system.
C O N C L U S I O N S
In summary, RBS 1032 is an ultrasoft X-ray source that varied by a factor of 6 between the two ROSAT observations. Its X-ray spectrum is dominated by a thermal component or a very steep power law. The temperature and the normalization parameter of the disc blackbody model, suggest that the X-rays are emitted from an IMBH system of mass ∼5 × 10 4 M . Multiwavelength results suggest that the optical counterpart of RBS 1032 is a nucleated, non-emission line, dwarf spheroidal galaxy. The bright nucleus of this dwarf galaxy is not due to its nuclear activity, but due to the presence of supermassive globular clusters at its nucleus. Most likely, one of these star clusters hosts the IMBH system, which emits bright ultrasoft X-rays and weak optical emission with no detectable radio and infrared emissions. This could be tested using simultaneous Chandra and HST observation of RBS 1032 to determine the offset between the optical centre and the X-ray source position. In addition, we expect to detect radio emission (∼70 μJy) during its low/hard state with correlated variability between the X-ray spectral and temporal parameters.
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